Background/Aims: The prognostic power of the levels of total CD44 and its isoform CD44v6 for patients with gastric cancer (GC) remains controversial. Therefore, our study aims to generalize the clinicopathological and prognostic significance of these two proteins in GC. Methods: A literature search of the PubMed, Web of Science and Embase databases was conducted to identify eligible studies. The odds ratio (OR) with a 95% confidence interval (CI) was used to assess the effects. Results: In all, 42 studies including 6,229 patients were included in this analysis. Total CD44 was mentioned in 21 papers, and the results showed that CD44 was positively correlated with the T category, the N category, distant metastasis, lymphatic invasion and TNM stage. Moreover, patients with CD44 overexpression had a lower 5-year overall survival (OS) rate (OR = 3.35, 95%CI = 1.83-6.13). CD44v6 was mentioned in 24 studies, with results that were similar to those for total CD44. However, total CD44 or CD44v6 expression was not correlated with tumor size and histological grade. Conclusion: High CD44 or CD44v6 expression levels were correlated with cancer progression and poor prognosis in patients with GC. Both CD44 and CD44v6 may be useful diagnostic or prognostic biomarkers for GC.
Introduction
Although the incidence of gastric cancer (GC) has substantially declined in recent years, the disease still ranks fourth in incidence among all cancers and remains the second most deadly cancer worldwide [1] . The diagnosis and treatment of GC have improved significantly, though 5-year overall survival (OS) rate of patients with middle-and late-stage disease is expression and the 5-year OS rate. For those articles that contained only a plotted Kaplan-Meier curve, the software GetData Graph Digitizer 2.24 was used to directly digitize the 5-year OS rate.
Sensitivity analysis
A sensitivity analysis was performed through via sequential omission of individual studies. With the exception of the 5-year OS rate for the CD44v6 analysis, it was found that no single study could alter the results demonstrating that the results of our meta-analysis were quite stable.
Publication bias
We utilized Begg's and Egger's tests to identify potential publication bias,. In general, the funnel plots did not show obvious evidence of asymmetry and the P-value of Egger's test was greater than 0.05. This indicated no publication bias in most of the pooled studies, except those studies for which the N category was included in the CD44v6 analysis. The detailed results of the P-value derived from Egger's test are summarized in Tables 3-4 .
Statistical analysis
The strength of the association between total CD44/CD44v6 expression and clinicopathological features of GC or the 5-year OS rate was assessed by the OR with the corresponding 95%CI. In the present study, an OR>1 indicated a higher probability of tumor progression and poorer prognosis in patients with GC with CD44/CD44v6 overexpression. In the course of data pooling, statistical heterogeneity was evaluated by the Q-test. The I 2 value indicates the degree of heterogeneity. A P-value < 0.10 and/or I 2 > 50% signified significant heterogeneity, which necessitated the use of a random-effect model. Otherwise, a fixed-effect model was used [23] . Furthermore, we evaluated potential publication bias by funnel plot and Egger's linear regression test. The funnel plots were visually symmetrical, and the P-value of Egger's test was greater than 0.05, which indicated no deviation among the studies. All statistical tests in this meta-analysis were twotailed and P-values ⩽ 0.05 were considered statistically significant. The statistical analyses were performed with STATA software version 12.0.
Results

Included studies and characteristics
A total of 1618 articles were initially retrieved based on the search strategy described above. After the titles and abstracts were reviewed, 1502 of the articles were exclu- ded because they included non-human experiments or non-gastric-related studies or were non-original articles (e.g., review, letter). After evaluating the remaining articles, 72 records were excluded because they did not provide appropriate data. Eventually, 42 studies were included in the analysis. The flow diagram of the selection of eligible studies is shown in Fig. 1 .
Description of eligible literature
Of the 42 studies that were used for the meta-analysis, total CD44 was reported in 21 papers [5, 16, 18, 20, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] and CD44v6 expression in 24 studies [17, 19, 21, 22, 24, 28, 37, [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] . The main characteristics of these studies are summarized in Table 1 and Table 2 . However, in addition the antibody and dilution ratio, it is worth noting that no generalization regarding the cutoff value for defining positive CD44/ CD44v6 expression is presented. 
Correlation of total CD44 expression with the clinical features and 5-year OS rate of GC patients
The results of correlations between CD44 and the clinicopathological features of GC are presented in Table 3 and Fig. 2 . The overall analysis showed that CD44 expression was statistically correlated with the T category (T 1+2 vs T 3+4 , OR = 2.14, 95%CI = 1.24-3.68, P=0.006, Fig. 2A Table 3 . Analysis of associations of total CD44 expression with clinical features. P bias , the P-value of Egger's linear regression test for evaluating publication bias Furthermore, total CD44 expression was highly correlated with a lower 5-year OS rate (OR = 3.35, 95%CI = 1.83-6.13, P < 0.001, Fig. 3A-B) . The data indicated that a poorer prognosis for GC patients with CD44
+ tumors than those with CD44 − tumors. Table 2 shows the correlations between CD44v6 and the clinical features of GC. The pooled analysis illustrated that CD44v6 expression was significantly associated with the T category (T 1+2 vs T 3+4 , OR = 1.94, 95%CI = 1.18-3.18, P = 0.009, Fig. 4A The relationship between CD44v6 expression and the 5-year OS rate was evaluated in 6 cohorts. A sensitivity analysis revealed that the study by Songun et al. could alter the results of the analysis. After exclusion of this study, increased CD44v6 expression was found to be significantly associated with a lower 5-year OS rate (OR = 2.84, 95%CI = 1.72-4.68, P < 0.001, Fig. 5C ) and the heterogeneity was decreased (I² = 50.3%) (Fig. 5D) . However, when the study by Songun et al. was included, no correlation was observed between CD44v6 expression and the 5-year OS rate (OR = 1.97, 95%CI = 0.83-4.70, P =0 .125), and significant heterogeneity (I² = 87.7%) was observed (Fig. 5A-B and Table 3 ).
Correlation of CD44v6 expression with the clinical features and 5-year OS rate of GC patients
Discussion
Although advances in diagnostic techniques and treatment methods have improved overall outcomes of patients with GC, the 5-year OS rate of these patients remains low [1] , which may be a consequence of the occurrence of distant metastases, as evaluated by lymph node metastasis or vascular invasion [2, 3] . Recently, some studies have suggested that CSCs are closely related to tumor progression, metastasis, and processes of treatment resistance in GC [58] . Notably, recent research has demonstrated that CD44-positive tumor cells posses CSC properties, such as self-renewal and tumorigenicity, and the presence of CSCs is typically regarded as a marker of poor prognosis in patients with GC [59] .
Mayer et al. and Jian-Hui et al. indicated that higher expression of total CD44 is associated with a greater possibility of distant metastasis and higher TNM stages [18, 41] . CD44v6, one of the major variants of CD44, plays an important biological role in tumor invasion and metastasis. Indeed, Yamaguchi et al. demonstrated that positive CD44v6 expression of cancers is more frequently correlated with liver and hematogenous metastases [49] . Despite numerous studies, the validity of CD44 and CD44v6 as diagnostic or prognostic indicators in GC has not been fully investigated and some findings are controversial. Therefore, we performed a meta-analysis to reveal the relationship of CD44 and its isoform CD44v6 with the prognosis of patients with GC. Importantly, heterogeneity and sensitivity analyses were also performed to ensure the epidemiological credibility of this meta analysis. Here, we report high expression of total CD44 or CD44v6 to be positively associated with the T category, the N category, distant metastasis, lymphatic invasion and TNM stage. Moreover, CD44/CD44v6 overexpression predicts a low 5-year OS rate indicating that CD44 or CD44v6 could be used as a marker of poor prognosis in GC patients.
We first conducted a comprehensive meta-analysis to examine the relationship between total CD44 expression and the clinicopathological features of GC. CD44 positivity was found to be associated with certain clinicopathological features, such as the T category, the N category, distant metastasis, lymphatic invasion and TNM stage. We then assessed the relationship between CD44 expression and its prognostic significance in GC. The pooled data indicated that high total CD44 expression significantly predicted a lower 5-year OS rate. The results of our meta-analysis suggest that CD44 overexpression might contribute to the malignant progression of GC, which often leads to a poor prognosis.
We then investigated the pooled association between CD44v6 expression and the clinical features of GC, and the results were similar to those for CD44. However, no correlation was observed between CD44v6 expression and the 5-year OS rate, and the heterogeneity was significant. An additional sensitivity analysis revealed that the study by I Songun was the primary cause of this heterogeneity. After the study by I Songun was eliminated, the 5-year OS rate was significantly lower in GC patients with CD44-positive tumors than in those patients with CD44-negative tumors, and the heterogeneity was decreased.
It was notable that expression CD44 or CD44v6 was determined to have prognostic significance in GC according to our meta-analysis, which suggests that CD44/CD44v6 may be developed as potential prognostic factors for GC.
Several studies have shown that expression of CSC-related factors, including CD133, Lgr5, ALDH1 and Sox2, is associated with the progression of GC [30] [31] [32] . Future studies may reveal that co-expression of CSC markers associated with the prognosis of GC patients are valuable for clinical application.
Although we conducted a systematic and comprehensive analysis, certain limitations exist, and some results need to be carefully interpreted. First, we estimated the 5-year OS based on Kaplan-Meier curves derived from some of the original studies. These data might be less reliable than data from a direct analysis from the original paper. Second, despite an adjustment for heterogeneity through the use of random-effect model and sensitivity analyses, a high level of heterogeneity remained in some analyses. Third, a subset of the selected studies had a limited sample size, and it was therefore difficult to draw a definite conclusion on regarding prognostic value of CD44 among GC patients. Fourth, we did not find any significant deviation when assessing publication bias, but it is worth noting that positive results are likely to be published; thus, the association between high CD44 or CD44v6 expression and poor outcome of patients with GC might have surpassed our estimation. Furthermore, different antibodies and different cut-off values for determining positive CD44 or CD44v6 expression were used in the studies, which resulted in inconsistent conclusions.
Conclusion
In summary, although certain limitations exist, the results of the present study showed that high CD44 or CD44v6 expression is positively correlated with progression of gastric cancer. Additionally, CD44 or CD44v6 overexpression was found to be associated with a poorer prognosis of GC patients. Our results suggest that CD44 and CD44v6 may be useful diagnostic or prognostic biomarkers for GC and may be beneficial for novel targeted therapeutic strategies in the future. However, a future larger scale multicenter study may be needed to verify our results.
